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experienced after reading a persuasive and informative text on climate change. Finally, ten days later,
participants with a stronger view that the world is changeable reported having engaged more frequently in
pro-environmental actions throughout those ten days. Overall, holding a growth mindset might help to
overcome some of the psychological barriers to environmental action.

Publication Details
Duchi, L., Lombardi, D., Paas, F. & Loyens, S. M. M. (2020). How a growth mindset can change the climate:
The power of implicit beliefs in influencing people's view and action. Journal of Environmental
Psychology, 70 101461-1-101461-14.

This journal article is available at Research Online: https://ro.uow.edu.au/asshpapers/153

Journal of Environmental Psychology 70 (2020) 101461

Contents lists available at ScienceDirect

Journal of Environmental Psychology
journal homepage: www.elsevier.com/locate/jep

How a growth mindset can change the climate: The power of implicit beliefs
in inﬂuencing people's view and action

T

Lorenzo Duchia,∗, Doug Lombardib, Fred Paasa,c, Soﬁe M.M. Loyensa,d
a

Department of Psychology, Education, and Child Studies, Erasmus University Rotterdam, the Netherlands
College of Education, University of Maryland, United States
c
School of Education/Early Start, University of Wollongong, Australia
d
Utrecht University, University College Roosevelt, the Netherlands
b

A R T I C LE I N FO

A B S T R A C T

Handling Editor: Sander van der Linden

Although people seem to be concerned about climate change, few are pro-actively engaged in attempting to
mitigate it. This discrepancy between environmental view and action has been recognized as a great challenge.
This empirical study examined that disparity by investigating people's mindsets about the world. Such mindsets
concern the degree to which people perceive their world as a changeable entity that can be shaped (growth
mindset) rather than a static one that cannot be moulded or changed (ﬁxed mindset). A survey conducted with
American adults explored how these diﬀerent mindsets could impact 1) attitudes towards climate change, 2)
beliefs about its mitigation, 3) pro-environmental behavioural inclinations and 4) the self-reported frequency of
pro-environmental actions. Holding a growth mindset about the world was related to more accepting attitudes
towards climate change, more favourable beliefs about its possible mitigation, and greater pro-environmental
behavioural inclinations. In addition, growth mindset was positively related to higher values in attitudes, beliefs,
and behavioural inclinations people experienced after reading a persuasive and informative text on climate
change. Finally, ten days later, participants with a stronger view that the world is changeable reported having
engaged more frequently in pro-environmental actions throughout those ten days. Overall, holding a growth
mindset might help to overcome some of the psychological barriers to environmental action.
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1. Introduction
The existence and worsening of human-caused climate change are
overwhelmingly clear. This alarming news not only comes from the
work of researchers and academics (Intergovernmental Panel on
Climate Change, 2007; Kolbert, 2014; Oreskes & Conway, 2014; Pearce
et al., 2017; Van der Linden et al., 2015), but was also announced by
100 Nobel Laureates, who claimed climate change to be a danger to
world peace (Nobel Laureates, 2001). Interestingly, while the majority
of people know and are concerned about human-caused climate change,
only one in ten believes in the possibility of successfully mitigating it
(Leiserowitz et al., 2017; Pew Research Center, 2017).
This divergence between people's high level of concern and
knowledge about climate change, on the one hand, and their lack of
pro-environmental actions, on the other hand, has been recognized as a
great challenge in tackling environmental issues (Giﬀord, 2011). Although there is a large body of research studying such relations

(Giﬀord, 2011; Heath & Giﬀord, 2006; Hidalgo & Pisano, 2010; Milfont
& Page, 2013; O' Connor et al., 1999; Swim et al., 2009; Van der Linden
et al., 2015), little is known about the determinants of pro-environmental actions (Brody et al., 2008; Hornsey et al., 2016; Kahan et al.,
2011; Kellstedt et al., 2008; Panno et al., 2015; Pidgeon, 2012; Slovic,
2000). Research shows that pro-environmental action is impacted more
by similar values, political orientations, and personal experiences than
by being exposed to scientiﬁc observations, such as greenhouse gas
concentration or global climate models (Dessai et al., 2004; Giﬀord,
2011; Hamilton, 2011; Kahan et al., 2011; Kollmuss & Agyeman, 2002;
Pearce et al., 2017; Pidgeon, 2012; Price et al., 2014; Weber, 2010).
Consequently, it is pivotal to understand whether and how speciﬁc
psychological factors may enhance pro-environmental behaviours,
hopefully providing insights into the discrepancy between environmental view and action.
In particular, people's implicit beliefs about the changeability of our
world could impact their environmental view and action (Soliman &
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other areas of psychological research.

Wilson, 2017). Such implicit beliefs are able to create a worldview that
colour people's perceptions and have been shown to have powerful
explanatory power in many behavioural domains, from school to workrelated contexts (Blackwell et al., 2007; Burnette et al., 2013; Dweck &
Leggett, 1988; Hong et al., 1999). Therefore, people's implicit beliefs
(i.e., incremental beliefs or a growth mindset) concerning the degree to
which the world is perceived to be a ﬂuid and malleable entity that can
be shaped or improved, rather than a static one that cannot be moulded
or changed (i.e., entity beliefs or a ﬁxed mindset), may underlie their
environmental view and action.
However, these diﬀerent mindsets have not been examined extensively in the environmental realm. Thus far, only Soliman and
Wilson (2017) have examined how such mindsets impact environmental view and action. They found that a ﬁxed mindset about the
world was negatively associated with people's willingness to engage in
pro-environmental behaviours. Contrastingly, a growth mindset about
the world was positively associated with such an inclination. Importantly, this relation was largely mediated by people's level of scepticism about climate change and their views regarding the possibility of
successfully mitigating climate change. Those who thought the world to
be relatively stable were less likely to engage in pro-environmental
actions because they were more likely to be sceptical about climate
change and less likely to believe that society will be able to avert the
consequences of climate change.
This present study extended the research of Soliman and Wilson
(2017) in two ways. First, we explored how mindsets related to people's
environmental views and actions after having read a persuasive and
informative text. Second, we endeavoured to extend previous research
by moving beyond measuring people's intentions to engage in pro-environmental behaviours to measuring behaviours. Thus, we investigated how diﬀerent mindsets aﬀected the self-reported frequency
of pro-environmental behaviours.
Prior to reporting the speciﬁcs of the present study, we ﬁrst discuss
prior environmental education research, which served as the rationale
for our investigation. We introduce theoretical foundations concerning
growth and ﬁxed mindsets and how such beliefs create a ‘meaning
system’ through which people perceive the world. This provides the
basis for our examination of how such beliefs could be related to climate change-related view and action.

1.2. Mindsets: Growth vs ﬁxed
Dweck's theory of implicit beliefs (Dweck & Leggett, 1988) described two types of beliefs, entity and incremental, both of which tend
to remain subconscious and unacknowledged by the person. An entity
belief (or ﬁxed mindset) about, for example, a human attribute such as
intelligence characterizes such an attribute as being unchangeable and
ﬁxed while an incremental belief (or growth mindset) would describe
the same attribute as being changeable and improvable. There is a large
body of literature showing the impact that such mindsets have on the
way people perceive and interpret the qualities of individuals, groups
and the world around themselves (Dweck & Leggett, 1988; Hong et al.,
1999; Soliman & Wilson, 2017).
For instance, at the individual level, mindsets impact motivation,
academic achievements, procrastination, and other outcomes diﬀerently (Blackwell et al., 2007; Burnette et al., 2013; Chen & Pajares,
2010; Howell & Buro, 2009; Sisk et al., 2018). When encountering
setbacks, for example, people who view their intelligence as ﬁxed tend
to attribute such failures to a lack of ability and would react by feeling a
sense of helplessness, withdrawing or being petriﬁes. Yet, people who
view their intelligence as malleable tend to make fewer helpless attributions and to invest more eﬀort or change approach in response to
failures (Blackwell et al., 2007; Burnette et al., 2013). In particular, it
seems that these mindsets set up diﬀerent frameworks, or ‘meaning
system,’ that guide people's attributions and behaviours (Dweck &
Leggett, 1988; Hong et al., 1999; Molden & Dweck, 2006; Tempelaar
et al., 2015). For instance, growth and ﬁxed mindsets about intelligence
inﬂuence academic performance and self-esteem through a network of
goals, beliefs, and strategies that stemmed from these beliefs (Blackwell
et al., 2007; Burnette et al., 2013; Chen & Pajares, 2010; Robins & Pals,
2002).
A growth mindset has been found to aﬀect how people interpret the
world around them for a large variety of people, from youth, children,
and students to workers, managers, and athletes (Blackwell et al., 2007;
Burnette et al., 2013; Chen & Pajares, 2010; Heslin & VandeWalle,
2008; Schumann & Dweck, 2014; Stenling et al., 2014). It has been
shown that internalizing a growth mindset buﬀers the negative consequences that people with low socio-economic backgrounds and
minorities suﬀer in school (Claro et al., 2016; Eom et al., 2018; Good
et al., 2003; Sisk et al., 2018). Interestingly, evidence shows that it is
possible to shift from a ﬁxed to a growth mindset (Blackwell et al.,
2007; Good et al., 2003; Schumann & Dweck, 2014). For example, it has
been found that exposing Israelis and Palestinians to research ﬁndings
that explain how the nature of groups in general is malleable (vs ﬁxed)
and can (vs cannot) be changed improved their attitudes towards one
another and enhanced their willingness to compromise and work together (Wohl et al., 2015). Therefore, growth and ﬁxed mindsets not
only impact one's life, but can also have repercussions on larger societal
issues.
Could mindsets then impact the way people perceive and interpret
the qualities of the world around them? Given the ‘meaning system’
they create, such mindsets may well play a role in how people approach
climate change. In particular, people's mindsets concerning the degree
to which the world is perceived to be a ﬂuid and malleable entity that
can be shaped or improved (i.e. growth mindset about the world), rather than a static one that cannot be moulded or changed (i.e. ﬁxed
mindset about the world), may underlie their environmental view and
action. If the world, at core, is viewed as ﬁxed and static, having ingrained dispositions that cannot be shaped, the problem of climate
change might look less possible and real, inhibiting the motivation to
engage in pro-environmental behaviour. Conversely, a growth mindset
about the nature of the world, which is perceived as being malleable
that can be shaped and improved, could help us to be more resilient and
adequately respond to it. This is what Soliman and Wilson (2017) have

1.1. Environmental education research: Responsible environmental
behaviour
The research conducted on determinants of pro-environmental behaviours, from saving energy to recycling, has been deﬁned as responsible environmental behaviours (REB). The ﬁrst meta-analysis on
REB research was conducted by Hines et al., (1986/87), which showed
the relations between internal psychological constructs such as feelings
and beliefs, pro-environmental attitudes and intentions, and pro-environmental behaviours.
With the recognition of the pivotal role of psychological drivers on
pro-environmental behaviour, researchers have continued to study
psycho-social determinants of REB. To summarize the large amount of
studies being published in this area, many metanalyses have been
conducted to improve on Hines et al., (1986/87) by postulating integrated models of the psycho-social determinant of REB (Bamberg &
Möser, 2007; Jackson, 2005; Klöckner, 2013). Overall, these studies
have converged upon the idea that internal psychological constructs
determine people's attitudes, which in turn, aﬀects their pro-environmental intentions and actions (i.e., acting as critical drivers for REB).
In the present study, we followed the line of reasoning highlighted
by the past 30 years of research conducted on REB. We have extended
this research by exploring the links between internal psychological
constructs, attitudes, pro-environmental intentions, and pro-environmental behaviour. We also have introduced a new determinant of REB,
growth and ﬁxed mindsets, which have received much attention in
2
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1.4. Action on climate change

begun to discover.
Therefore, given the large body of research presented above and,
speciﬁcally, the work of Soliman and Wilson (2017), we expected that
people's mindsets about the world would impact their environmental
view and action. In particular, we expected that they would impact how
people evaluate the problem (i.e., people's attitudes towards climate
change) how they think about the solution (i.e., beliefs about the mitigation of climate change), how they are inclined to act (i.e. pro-environmental behavioural inclinations) and how they act (i.e. self-reported pro-environmental behaviour). Therefore, examining such
mindsets may enhance our understanding of the psychological barriers
to pro-environmental action as well as of the discrepancy in the general
population between their informed view on human-caused climate
change and their lack of environmental action.

1.4.1. Behavioural inclinations
Interest in pro-environmental behaviour is strong in the literature
(e.g., Giﬀord, 2011; Heath & Giﬀord, 2006; Hidalgo & Pisano, 2010;
Milfont & Page, 2013; O' Connor et al., 1999; Swim et al., 2009). As
Stern (2000) demonstrated, there are diﬀerent types of environmentally
signiﬁcant behaviours. He, for instance, distinguished three kinds of
pro-environmental behaviours: direct and public engagement (e.g.,
protest), indirect and public involvement (e.g., paying extra taxes), and
private participation (e.g., recycling). It is then important to take into
account of the diﬀerent types of pro-environmental behaviours to
construct an informative overview of what is under examination. As
Soliman and Wilson (2017) demonstrated, holding a ﬁxed mindset had
a negative indirect inﬂuence on people's inclinations to engage in different types of pro-environmental behaviours via their inﬂuence on
people's level of scepticism about climate change and their views regarding the possibility of successfully mitigating it. Therefore, we expected that holding a ﬁxed mindset would be associated with weaker
pro-environmental behavioural inclinations due to people's less accepting attitudes towards the problem and less favourable beliefs about
the solution.

1.3. View on climate change
1.3.1. Attitudes towards climate change
The degree of concern and knowledge towards climate change has
risen for the past decade and people have started to see it as a major
threat (Eurobarometer, 2019; Pew Research Center, 2019). Yet, a large
number of people are still in denial about the severity of and need for
action on human-caused climate change (Hornsey et al., 2016;
Leiserowitz et al., 2017; Pew Research Center, 2017). People's denial
reveals itself in many diﬀerent ways. Few people actually make it a
priority. Although the majority of people claim the governments are not
doing enough to reduce the eﬀects of climate change, only one in four
says they always live in harmony with the environment (Pew Research
Center, 2019). Furthermore, partisanship is a stronger factor in people's
understanding about climate change than their level of knowledge
(Kollmuss & Agyeman, 2002; Leiserowitz et al., 2017; Pew Research
Center, 2019; Pidgeon, 2012).
Therefore, it is highly relevant to examine the variables associated
with people's attitudes towards human-caused climate change. We expected that growth and ﬁxed mindsets about the world would be related to such environmental attitudes, given that Soliman and Wilson
(2017) found a relation between growth and ﬁxed mindsets about the
world and people's level of scepticism in regards to climate change.
Individuals who think that the world is relatively stable might be more
likely to perceive the forecasts of a changing planet due to climate
change as incompatible with their mindsets and therefore as less
plausible.

1.4.2. Pro-environmental actions
Although many facets of environmental behaviour have been accounted for, the majority of studies in this area have evaluated only the
willingness to engage in pro-environmental behaviour, rather than real
behaviour (Price et al., 2014; Sinatra et al., 2012; Soliman & Wilson,
2017). Therefore, in order to foster better understanding of what drives
pro-environmental actions, a focus on self-reported frequency of behaviours (rather than only diﬀerent types of behavioural inclinations) is
needed. Given the ‘meaning framework’ that such mindsets create,
which then has an impact on one's life (Hong et al., 1999), we expected
that growth and ﬁxed mindsets about the world would be indirectly
associated with people's self-reported frequency of pro-environmental
actions through their inﬂuence on attitudes towards climate change,
beliefs about its successful mitigation, and behavioural inclinations.
That is, we expected that holding a ﬁxed mindset about the world
would predict lower frequency of pro-environmental action through its
negative inﬂuence on attitudes towards climate change, beliefs about
its successful mitigation, and behavioural inclinations.
1.5. Changes in attitudes, beliefs, and behavioural inclinations
Climate change is a multi-faceted problem that is encountered in
many diﬀerent scenarios, such as home, work, and school (Klein, 2014).
Climate change will cause substantial changes in our environment and
will require considerable shifts in our lives (Klein, 2014; Oreskes &
Conway, 2014; Swim et al., 2009). How can people change their understanding and behaviour related to climate change in response to
such encounters? What are the features that facilitate these changes?
Sinatra et al. (2012) examined attitude and behavioural changes in the
context of climate change. They showed that attitudes and behavioural
inclinations towards pro-environmental actions improved after having
read a persuasive and informative text. Moreover, approaching ideas in
an open-minded fashion and enjoying eﬀortful thinking predicted such
changes. Will growth and ﬁxed mindsets be able to inﬂuence those
changes as well? Given that such mindsets shape how we approach
diﬃcult situations (Blackwell et al., 2007; Burnette et al., 2013; Chen &
Pajares, 2010), they might aﬀect people's experience when reading a
persuasive text concerning climate change. Holding a ﬁxed mindset
about the world might push people to discard easily the information
provided in the text, as such information would conﬂict with their ﬁxed
mindset about a stable world. The present study therefore examined
how growth and ﬁxed mindsets about the world predicted attitudes
towards climate change, beliefs about its successful mitigation, and

1.3.2. Beliefs about the mitigation of climate change
Because the scale of the problem may look overwhelming (Klein,
2014; Oreskes & Conway, 2014), it is understandable that only a small
proportion of people believe that we can successfully overcome climate
change (Leiserowitz et al., 2017; Pew Research Center, 2017). However, evidence shows that believing in the possibility that change can
happen and that developing solutions can be possible is a prerequisite
for the willingness to act in the context of climate change (Heath &
Giﬀord, 2006; Hidalgo & Pisano, 2010; Kellstedt et al., 2008; O' Connor
et al., 1999). As Soliman and Wilson (2017) showed, people's growth
and ﬁxed mindsets can subtly yet substantially impact their beliefs in
the possibility of mitigating climate change. If one sees the world as
stable, one is less likely to believe in actions that supposedly could
create signiﬁcant changes in such a world. Therefore, we expected that
growth and ﬁxed mindsets about the world would predict people's beliefs about successful mitigation of climate change. In particular, we
expected people who hold a ﬁxed mindset not to believe that actions
could be taken to avert the negative consequences of climate change,
possibly undermining their behavioural inclinations.
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two models were constructed in order to test the remaining hypotheses.
The ﬁrst model (Model 1) was necessary to examine Hypothesis 2, how
ﬁxed mindset relate to one's attitudes towards climate change, beliefs
about its mitigation, and behavioural inclinations, and Hypothesis 3,
how ﬁxed mindset predict people's attitudes towards climate change,
beliefs about its mitigation, and behavioural inclinations after reading
the text. Based on existing research and the theoretical rationale outlined above, Model 1, shown in Fig. 1 was developed. Model 2, shown
in Fig. 2, was necessary to examine Hypothesis 4: that is, how ﬁxed
mindset relates to self-reported frequency of behaviours measured at
T2.

behavioural inclinations that people will possess after reading a persuasive text. We expected that the stronger the ﬁxed mindset, the lower
the values in attitudes, beliefs, and behavioural inclinations after
reading the text.
1.6. Present study
The present study built on the work of Soliman and Wilson (2017)
and Sinatra et al. (2012). It examined the relations among growth and
ﬁxed mindsets about the world and people's attitudes towards climate
change, beliefs about its mitigation, and behavioural inclinations towards addressing climate change, similarly to how Soliman and Wilson
(2017) explored it. In addition, such attitudes, beliefs, and behavioural
inclinations were measured both before and after the presentation of a
persuasive text about climate change, as adopted by Sinatra et al.
(2012). In this way, we were able to explore how growth and ﬁxed
mindsets about the world would predict people's attitudes towards
climate change, beliefs about its mitigation, and behavioural inclinations after having read such a text. We also examined how these
mindsets would aﬀect frequency of self-reported behaviours, a limitation of their work discussed by both Sinatra et al. (2012) and Soliman
and Wilson (2017). To do so, at the end of the ﬁrst session (T1) participants were asked to identify four “new” pro-environmental behaviours they would like to undertake in the following days/weeks. Ten
days afterwards (T2), participants' self-reported frequency of engagement in their “new” desired behaviours was measured (see Procedure
2.3).

2. Method
2.1. Participants
We recruited our sample via Amazon Mechanical Turk (MTurk). We
decided on a sample of around 300 people to reﬂect the choice made by
Soliman and Wilson (2017), whose study's design resembles the present
one with regard to the medium utilized (i.e., MTurk) and the topic
examined (i.e., growth and ﬁxed mindsets). Our ﬁnal sample included
301 participants, most of whom were male (54%) and white (78.4%).
The other ethnicities were Hispanic (4.3%), African American (8.6%),
Asian (6.3%), and Other (2.3%). Participants' ages ranged from 18 to 75
years (M = 38, SD = 11.4) and most participants (74%) possessed
either a bachelor's degree or a similar qualiﬁcation. The remaining
participants had a high school diploma or less (13%) or a post-graduate
degree (13%). The participants' family annual household income was
distributed evenly across seven categories, ranging from earning less
than $15,000 to more than $100,00. Lastly, 52.5% were either strong,
somewhat, or only leaning towards being Democrats while 25% were
either strong, somewhat, or only leaning towards being Republicans.
The remaining 22% saw themselves as independent.
Ten days after completing the ﬁrst session (T1), participants were
sent a reminder to complete the follow-up (T2). A total of 107 participants completed the follow-up and did not diﬀer from the people who
did not take part in the follow-up regarding their ﬁxed mindset, age,
educational level, race/ethnicity, or political orientation. Yet, they
diﬀered in gender, χ2(1) = 5.76, p = .02, with more female participants taking part in the T2 measurements, and in family annual
household income, χ2(7) = 14.73, p = .04, with more people with
higher incomes taking part at T2.

1.6.1. Hypotheses
The following hypotheses were formulated:
1 In line with Sinatra et al. (2012), we expected that there would be a
signiﬁcant improvement in attitudes towards climate change, beliefs
about its mitigation, and behavioural inclinations from before to
after reading the persuasive text on climate change.
2 We predicted growth and ﬁxed mindsets would be related to attitudes towards climate change, beliefs about its mitigation, and behavioural inclinations towards climate change before reading the
text. Based on Soliman and Wilson (2017), we expected that:
a The stronger the ﬁxed (vs. growth) mindset a person has, the less
(vs. more) accepting the attitudes towards human-induced climate
change, the less (vs. more) favourable beliefs about its mitigation,
and the lower (vs. greater) behavioural inclinations a person
would experience;
b The relation between ﬁxed mindset and behavioural inclinations
would be indirect, completely mediated by attitudes towards climate change and beliefs about its mitigation.
3 Following the ﬁndings of Sinatra et al. (2012), we expected ﬁxed
mindset to indirectly predict people's attitudes towards climate
change, beliefs about its mitigation, and behavioural inclinations
after reading the text. In particular, the stronger the ﬁxed (vs.
growth) mindset about the world, the smaller (vs. larger) the values
in attitudes towards climate change, beliefs about its mitigation, and
behavioural inclinations after reading the text.
4 We predicted that ﬁxed mindset would be associated with the level
of self-reported frequency of behaviours measured at T2. We expected that holding stronger ﬁxed (vs. growth) mindset about the
world would be related to a lower (vs. higher) frequency of engagement in “novel” behaviours. Given the ‘meaning system’ such
mindsets create, we expected this relation to be indirect, completely
mediated by attitudes towards climate change, beliefs about its
mitigation, and behavioural inclinations measured after reading the
text at T1.

2.2. Materials
2.2.1. Mindsets
Given the scope of climate change, we followed the same consideration that Soliman and Wilson (2017) had in adopting the original
three-item scale of the diﬀerent mindsets about the world developed by
Chiu et al. (1997). Those items were: 1) “Our world has its basic or
ingrained dispositions, and you really can't do much to change them”;
2) “Though we can change some phenomena, it is unlikely that we can
alter the core dispositions of our world”; and 3) “Some societal trends
may dominate for a while but the fundamental nature of our world is
something that cannot be changed much.”.1 Items were rated on a sixpoint Likert scale ranging from 1 = strongly disagree to 6 = strongly
agree. The higher the scores, the stronger the ﬁxed mindset and the
weaker the growth one.

1
Items are framed from a ﬁxed perspective in order to avoid socially desirable responses, as people are more likely to give such responses when the items
are framed from a growth point of view. This is only possible because ﬁxed and
growth views lie at the opposite ends of the same continuum (Chiu et al., 1997).

1.6.2. Models
While Hypothesis 1 was tested by conducting paired sample t-tests,
4
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Fig. 1. Model 1 showing attitude, belief and behavioural inclination before and after reading the persuasive text eith ﬁxed mindset as the main predictor.

2.2.3. Beliefs about the mitigation of climate change
The measure assessing belief about the mitigation of climate change
introduced by Soliman and Wilson (2017) was administered (responses
ranged from 1 = strongly disagree to 7 = strongly agree). It has three
items: 1) “I feel that by engaging in environmentally sustainable behaviours, I can make a diﬀerence in mitigating climate change”; 2) “I
feel like any action I take to be environmentally responsible is only a
‘drop in the bucket’ and won't make a diﬀerence” (reversed scoring);
and 3) “I believe that by engaging in environmentally sustainable behaviours, I encourage or inspire others to do likewise”.
2.2.4. Behaviour questionnaire
Inclinations regarding pro-environmental behaviour were measured
using the scale developed by Soliman and Wilson (2017). This scale
examines inclination to engage in diﬀerent types of pro-environmental
behaviours in line with Stern’s (2000) multi-facet behavioural clusters
(1 = very unlikely, 5 = very likely). See Appendix A for the full scale.
The overall score from the scale is considered in this study, although it
is composed of four subscales (1) environmentally-responsible behaviours (12 behaviours; e.g., “reducing the amount of beef eaten”), (2)
gathering sustainability-related information (3 behaviours, e.g., “read
an environmental magazine”), (3) engagement via social media (2 behaviours; e.g., “share information about the environment on social
media such as Facebook or Twitter”), and (4) collective action/major
decisions (5 behaviours; e.g., “join environmental action groups”).

Fig. 2. Model 2 examining the impact of self-reported behaviour measured at
T2 via attitude, belief,behavioural inclination measured after the text.

2.2.2. Attitude towards climate change
The ﬁve-point Likert scale (1 = strongly disagree, 5 = strongly
agree) measure used in Sinatra et al. (2012) was used to examine
participants’ attitudes and understanding of the problem of climate
change (see Appendix A). The scale was based on conclusions of the
Intergovernmental Panel on Climate Change (2007) as reported in the
text participants were instructed to read.

2.2.5. Self-reported behaviour
Participants were asked to write down four “novel” pro-environmental behaviours they themselves would like to try and undertake.
They could have chosen behaviours from the behaviour questionnaire
or come up with their own. Ten days later, they had to report with a
ﬁve-point Likert scale (1 = never, 5 = every time) the frequency with
which they engaged in for each of their “new” pro-environmental
5
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program Smart PLS 3. We followed the multi-stage procedure outlined
by Hair et al. (2017) when conducting PLS-SEM analyses to evaluate the
results, which requires ﬁrst an evaluation of the measurement model
(see sections 3.2.1.1 and 3.2.2.1) and only subsequently of the structural model (see sections 3.2.1.2 and 3.2.2.2). In the present study, as
we used scales to assess the latent variables, we dealt with reﬂective
measurement models.
Evaluation of reﬂective measurement models includes internal
consistency reliability, convergent, and discriminant validity. When
these evaluation criteria have been met, one can examine the structural
model, which represents the underlying structural concepts of the path
model. This assessment provides information about the model's ability
to predict the target construct(s). Since the focus of PLS-SEM is on
prediction rather than on explanatory modelling, evaluation of the ﬁt
oﬀers little value and “can even be harmful as researchers may be
tempted to sacriﬁce predictive power to achieve better ﬁt” (Hair et al.,
2017, p. 204). Therefore, Hair et al. (2017) strongly advised against
using such ﬁt statistics in this context. Instead of assessing goodness-ofﬁt, the structural model is evaluated on the basis of criteria that determine how well the models predict the constructs, which include
collinearity, signiﬁcance of the path coeﬃcients, level of the R2 values,
and the f2 eﬀect size.
Mediation analysis was needed to test hypotheses 2b, 3 and 4.
Following the rationale of Hair et al. (2017), bootstrapped indirect effects were utilized to test for mediation instead of using tests such as the
Sobel test. In terms of size and inﬂuence of the standardized path values, the criteria recommended by Keith (1993) were followed: standardized path coeﬃcients ranging from 0.05 to 0.10 are small, but
meaningful, inﬂuences; from 0.11 to 0.25 are medium in size and inﬂuence; and above 0.25 are large in size and inﬂuence. As for the f2
eﬀect size, values of 0.02, 0.15, and 0.35 are considered to represent
small, medium, and large eﬀects of the independent latent variable,
respectively (Cohen, 1988).

behaviours.
2.2.6. Text
The persuasive text of the present study was the same text used in
the study by Sinatra et al. (2012) derived from an article published on
February 3, 2007 in The New York Times (Stevens, 2007). The text
dealt with the development of our understanding behind climate
change. It was 1123 words in length, with a readability score of 12.2 on
the Flesch Kincaid Index, indicating a required level of reading grade 12
or higher in order to understand it. Only a few sentences were adjusted
to make it more actual. For instance, “Even conservative presidential
candidate John McCain of Arizona has asserted that the argument about
whether global warming is occurring is over” was replaced by “Even the
president of France, Emmanuel Macron, has disclosed to the U.S.
Congress that the argument about whether global warming is occurring
is over”.
2.3. Procedure
2.3.1. Pre-test
Participants were invited to take part in a survey on climate change.
Once participants decided to partake in the survey, they were asked to
report on some demographic variables (i.e., age, gender, ethnicity,
educational level, and political aﬃliation) as well as to complete the
questionnaire regarding their mindsets about the world. Then, they
were administered the questionnaires concerning their attitudes about
climate change, beliefs about its mitigation, and behavioural inclinations.
2.3.2. Intervention
Participants then read the persuasive text at their own pace. A
provocative image that appeared in the original New York Times article, which showed the globe being heated by a torch, was added to the
test and was clearly designed to be attention grabbing and persuasive.

3. Results
2.3.3. Post-test
After having read the text, participants retook the questionnaires on
attitudes, beliefs, and behavioural inclinations towards climate change.
Next, they were asked to write down four “novel” pro-environmental
behaviours they themselves would like to try and undertake in the
following days/weeks.

3.1. Preliminary analyses
Scores that fell above or below the mean by more than three standard deviations were considered outliers. The results of the following
analyses will, thus, be conducted without the presence of such outliers.
In order to reduce the degrees of freedom in analysing the data and to
make the results more transparent, the analyses will also be conducted
with the presence of such outliers, shown in Appendix B. The composite
scores for all the variables were computed. Table 1 reports their mean,
standard deviation, range, skewness, kurtosis, and reliability.
We conducted statistical tests to detect possible diﬀerences in
mindsets across the diﬀerent demographic variables. Signiﬁcant differences were found only for the variables of age and political

2.3.4. Follow-up test
Ten days later, participants were asked to report how frequently
they had engaged in their “new” pro-environmental behaviours.
2.4. Data analysis
We performed a partial least squares SEM analysis with the software
Table 1
Descriptive statistics of the composite scores for the most important variables.
N

Std. Deviation

Mean
Fixed mindset

Std. Error

Range
Min

Max

Skewness

Kurtosis

Coeﬃcient H

301

3.56

.072

1.249

1

6

-.165

-.892

.96

Attitude towards problem
Beliefs about mitigation
Behavioural inclinations
Attitude towards problem
Beliefs about mitigation
Behavioural inclinations

298
301
301
295
299
299

4.03
5.02
3.56
4.31
5.23
3.71

.041
.072
.039
.036
.075
.039

0.709
1.253
.669
.61
1.302
.679

1.85
1.33
1.59
2.31
1.33
1.64

5
7
5
5
7
5

-.799
-.575
-.398
−1.147
-.714
-.524

.075
-.094
.115
.776
.065
.151

.95
.89
.93
.95
.90
.93

Self-reported behaviours

103

3.53

.055

.563

2.25

4.75

.278

-.258

.76

Pre

Post

Follow
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Table 2
Correlations Between the Composite Variables Under Examination Before and After Reading the Text as well as at the Follow-up.
1

2

3

4

5

6

2. Attitudes towards problem
3. Beliefs about mitigation
4. Behavioural inclinations

-.353a
-.351a
-.298a

.496a
.514a

.589a

5. Attitudes towards problem
6. Beliefs about mitigation
7. Behavioural inclinations

-.293a
-.322a
-.313a

.819a
.464a
.520a

.396a
.818a
.569a

.424a
.573a
.943a

.451a
.459a

.618a

8. Self-reported behaviours

-.099

.115

.165

.251b

.104

.238b

7

1. Fixed mindset
Pre

Post

Follow

a
b

.193

Correlation is signiﬁcant at the 0.01 level (2-tailed).
Correlation is signiﬁcant at the 0.05 level (2-tailed).

aﬃliation: being older was associated with holding a ﬁxed mindset
(r = 0.206, p < .001); and being a Republican was more likely to be
related with holding a ﬁxed mindset than being a Democrat, F(7,
293) = 9.264, p < .001, ηp2 = 0.18. Table 2 presents the intercorrelations between the variables relevant for answering the hypotheses.
We examined whether the persuasive text induced the expected
changes in attitudes towards climate change, beliefs about its mitigation, and behavioural inclinations. By conducting repeated measures
ANOVAs, Hypothesis 1 was supported. In particular, diﬀerences in attitudes towards climate change were statistically signiﬁcant, F(1,
293) = 130.38, p < .001, ηp2 = 0.308, such that people experienced a
more accepting attitude toward human-induced climate change from
before (M = 4.06, SD = 0.68) to after (M = 4.32 SD = 0.60) reading
the text. Moreover, there was a statistically signiﬁcant change in the
beliefs about the mitigation of climate change, F(1, 298) = 18.09,
p < .001, ηp2 = 0.057, with more favourable beliefs post-reading
(M = 5.23, SD = 1.30) than pre-reading (M = 5.04, SD = 1.23).
Similarly, diﬀerences in behavioural inclinations were also detected, F
(1, 298) = 117.04, p < .001, ηp2 = 0.282, such that these inclinations
were enhanced after the presentation of the text (M = 3.71, SD = 0.68)
compared to before (M = 3.57, SD = 0.65). See Appendix C for a
graphical representation with error bars of the pre- and post-reading
scores of the dependent variables.

loading was lower than 0.40, boosted the AVE above the threshold of
0.50. The reliability of this measurement was not aﬀected. As for the
variable of behavioural inclinations, by deleting seven items (three with
outer loadings lower than 0.40 and four with outer loadings below
0.50) the AVE reached the threshold required. The items deleted
stemmed from the 12-item sub-scale reﬂecting environmentallyresponsible behaviours. This procedure did not impact the content
validity, as there were still ﬁve items assessing this sub-scale, which
was still as large as the second largest sub-sale. See Appendix A for a
detailed list of the items that have been deleted. The coeﬃcient H for
this measurement dropped from 0.95 to 0.93. Table 1 shows the
reliability once the items had been deleted. Third, discriminant
validity was examined by looking at the heterotrait-monotrait ratio
(HTMT) of the correlations. While most variables had HTMT values
lower than the desired threshold of 0.90, behavioural inclinations and
beliefs about the mitigation of climate change before reading the text
had HTMT higher than 0.90 with behavioural inclinations and beliefs
about the mitigation of climate change after reading the text,
respectively. When examining the structural model, collinearity was
not a critical issue, as the VIF values were clearly between the critical
thresholds of 0.20 and 5.
3.2.1.2. Hypothesis testing. The direct path coeﬃcients and their respective
p-values for model 1 are visually shown in. Fig. 3 and reported, with the

3.2. Structural equation modeling (SEM)
3.2.1. Model 1: Mindsets on attitude, belief, and behavioural inclination
before and after reading the text
3.2.1.1. Model evaluation. In order to assess the measurement model,
the ﬁrst criterion to be evaluated is internal consistency reliability.
Cronbach's alpha is the default option provided by Smart PLS 3 and
what Hair et al. (2017) suggest. However, for assessing the reliability of
latent constructs in the context of SEM, coeﬃcient H has been highly
recommended (Hancock & Mueller, 2001). Thus, coeﬃcient H was used
to examine the reliability of the variables under examination, as shown
in Table 1. Second, to examine convergent validity, the average
variance extracted (AVE) was considered, which should be higher
than 0.50. Given that the AVE was lower than 0.50 for the variables of
attitudes towards climate change and behavioural inclinations, an
examination of the outer loadings was required. While outer loadings
higher than 0.70 are desirable and lower than 0.40 must be eliminated,
one should carefully examine the outer loadings with values between
0.40 and 0.70 (Hair et al., 2017). Speciﬁcally, indicators with outer
loadings between 0.40 and 0.70 should be removed only when deleting
such indicators leads to an increase in the reliability or the AVE without
impacting the content validity. For the variable of attitudes towards
climate change, eliminating the item “The speed with which the
melting ice caps may raise sea levels is uncertain”, whose outer

Fig. 3. Model 1 showing the direct standartized path coeﬃcients with** being
signiﬁcant at an α < 0.01,without outliers.
7
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Table 3
Decomposition of the eﬀects of ﬁxed mindset in the models without outliers.
Direct

Indirect

β

95% CI

β

-.316a
-.321a
-.063

[-.414, −.212]
[-.428, −.206]
[-.174, .048]

-.217a

[-.290, −.145]

Attitudes towards problem
Beliefs towards mitigation
Behavioural inclinations

a

-.255
-.256a
-.286a

[-.336, −.170]
[-.345, −.164]
[-.387, −.178]

Self-reported behaviours

-.096b

[-.181, −.008]

95% CI

Pre
Attitudes towards problem
Beliefs towards mitigation
Behavioural inclinations
Post

Follow

a
b

β is signiﬁcant at the .01 level (2-tailed).
β is signiﬁcant at the .05 level (2-tailed).

experienced after reading a persuasive text on climate change.
3.2.2. Model 2: Mindsets on attitudes, beliefs, behavioural inclinations, and
self-reported behaviours
3.2.2.1. Model evaluation. The assessment of the measurement model
showed no anomalies regarding reliability and discriminant validity.
However, as expected, when examining convergent validity, there were
some issues with the variables of attitudes towards climate change and
behavioural inclinations. Regarding the former variable, the AVE was
already higher than the required 0.50. Yet, the outer loading of the
same item that posed an issue in the previous model was well below
0.40. Thus, it was discarded, improving the AVE without impacting the
reliability coeﬃcient. As for the latter variable, deleting four of the
seven items, which were eliminated in the previous model, with outer
loadings lower than 0.50 suﬃced to bring the AVE above 0.50. This
lowered the coeﬃcient H for this measurement from 0.94 to 0.93. When
examining the structural model, collinearity was not a critical issue.

Fig. 4. Model 1 showing the direct f2 eﬀect sizes along the arrows and the R2
values inside the circles, without liers.

3.2.2.2. Hypothesis testing. The direct path coeﬃcients and their
respective p-values for the model are visually depicted in Fig. 5 and
reported, together with the indirect path coeﬃcients and their
respective conﬁdence intervals, in Table 3. The R2 values and the f2
eﬀect size are presented in Fig. 6. Holding a ﬁxed mindset had a

indirect path coeﬃcients and their respective conﬁdence intervals, in
Table 3. The R2 values and the f2 eﬀect sizes are presented in Fig. 4.
Fixed mindset had a direct and statistically signiﬁcant negative relation with both attitudes towards climate change (β = −0.32,
p < .01, f2 = 0.11) and beliefs about its mitigation (β = −0.32,
p < .01, f2 = 0.11) measured before the presentation of the text, with
medium to large path coeﬃcients and small to medium eﬀect sizes.
Thus, Hypothesis 2a was supported: holding a ﬁxed mindset about the
world was associated with less accepting attitudes towards climate
change and less favourable beliefs about its mitigation. Furthermore,
holding a ﬁxed mindset about the world was indirectly and moderately
related to behavioural inclinations (β = −0.22, p < .01) via attitudes
towards climate change as well as beliefs about its mitigation. This
supported Hypothesis 2b concerning indirect-only mediation: that is,
the indirect eﬀect was signiﬁcant while the direct one was not.
To test Hypothesis 3, we investigated the indirect paths linking ﬁxed
mindset and attitudes, beliefs, and behavioural inclinations at the posttest. Fixed mindset had a statistically signiﬁcant and moderate association with attitudes (β = −0.26, p < .01), beliefs about mitigation
(β = −0.26, p < .01), and behavioural inclinations (β = −0.29,
p < .01) measured at post-test. Therefore, Hypothesis 3 was corroborated. That is, the stronger the ﬁxed mindset, the smaller the post-test
values in attitudes, beliefs, and behavioural inclinations people

Fig. 5. Model 2 showing the direct standartized path coeﬃcients with ** being
signiﬁcant at an α < 0.01,without outliers.
8
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4.1. Limitations
Given the correlational nature of the present study and the use of
SEM to analyse the data, causality cannot be inferred in the absence of
experimental manipulation. It is, therefore, not possible to claim that
ﬁxed and growth mindsets about the world are causally related to
people's attitudes, beliefs, behavioural inclinations, and self-reported
frequency of engaging in pro-environmental behaviours. Moreover, a
careful and cautious examination of the results of the follow-up is required. Considering that Model 2 was composed of ﬁve variables, the
sample of one hundred people represents the bare minimum number
needed to examine such model with partial least squares SEM
(Schreiber et al., 2006). It is possible that the partial least squares underestimates the path coeﬃcients when the sample size is small (Hair
et al., 2017). Furthermore, the deletion of many items from the scale
measuring behavioural inclinations, although required in order to reach
an appropriate level of convergent validity, might have caused a bias.
Lastly, the accuracy and adequacy on self-reported measurements
should be taken into consideration. There has been much research
highlighting the shortcomings of such method, such as the lack of introspective access (Hofmann et al., 2005) or social desirability bias
(Kimberlin & Winterstein, 2008). Therefore, although self-report measurements do not have to be discarded, they can be improved (Fryer &
Dinsmore, 2020; Fryer & Nakao, 2020); the current ﬁndings should be
evaluated bearing in mind these weaknesses.

Fig. 6. Model 2 showing the direct f2 eﬀect sizes along the arrows and the R2
values inside the circles, without outliers.

statistically signiﬁcant and small indirect association (β = −0.096,
p = .033) with self-reported behaviours. As expected from the indirectonly mediation Hypothesis 4, ﬁxed mindset about the world were
directly associated with a lower level of self-reported behavioural
engagement measured at T2, via their relation with attitudes, beliefs,
and behavioural inclinations measured after reading the text at T1.

4.2. Directions for future research
While it builds from and is consistent with previous research, the
present study provides new suggestions for future research. First, the
correlational nature of the present study calls for experimental manipulations in order to draw causal inferences on the relation between
ﬁxed and growth mindsets, on the one hand, and attitudes, beliefs
about mitigation, and behaviours in the environmental domain, on the
other hand. Research on ﬁxed and growth mindsets in other domains
(e.g. about intelligence) showed that is possible to change people's
mindsets (Blackwell et al., 2007; Good et al., 2003; Schumann &
Dweck, 2014). Second, while the present research found evidence for
the mediating role of attitude towards climate change and beliefs about
its mitigation in the relation between ﬁxed and growth mindsets about
the world and behavioural outcomes, other mediators are likely to be
present. For instance, self-eﬃcacy seems to be intertwined with those
mindsets (Chen & Pajares, 2010; Chen & Usher, 2013) as well as to be
related to attitudes and behaviours towards climate change (Heath &
Giﬀord, 2006; Hidalgo & Pisano, 2010). However, no study has examined the relation between self-eﬃcacy and ﬁxed and growth mindsets in the context of climate change. Third, future research should
reﬂect on the diﬀerent types of changes involved in this topic, and how
they relate to growth and ﬁxed mindsets. They range from beliefs about
the climate and whether it is actually changing and/or can be changed
to beliefs about ourselves as to whether we can change the environment
and/or change ourselves. We suggest that people's mindset about the
changeability of the world relates to people's beliefs about the possibility to change and mitigate the climate. Yet, other key relations, such
as how such mindset would impact the belief that people can change,
are yet to be examined.

4. Discussion
This study investigated the relation that ﬁxed and growth mindsets
about the world have with environmental view and action: ﬁxed
mindset about the world perceive the world and its core dispositions as
being static and unchangeable, while growth mindset about the world
perceive the world at its core as being a ﬂuid substance that is malleable
and can be shaped. The present study showed that ﬁxed and growth
mindsets about the world predicted attitudes towards climate change,
beliefs about its successful mitigation, behavioural inclinations, and
self-reported behaviours. Given that ﬁxed and growth views lie at the
opposite ends of the same continuum (Chiu et al., 1997), the results can
be interpreted from the growth view perspective, although the models
and analyses were built around the ﬁxed mindset.
A growth mindset was associated with more accepting attitudes
towards climate change, more favourable beliefs about its mitigation,
and, indirectly, greater pro-environmental behavioural inclinations.
Furthermore, people holding a growth mindset obtained higher values
in attitudes, beliefs, and behavioural inclinations after reading a persuasive text on climate change in comparison to the people holding a
more ﬁxed mindset. Lastly, given the paucity of studies exploring selfreported behaviour (Sinatra et al., 2012; Soliman & Wilson, 2017),
examining the frequency of self-reported behaviours allowed us to determine whether self-reported pro-environmental behaviour could be
associated with one's growth mindset. Holding a growth mindset was
indeed indirectly associated with a higher frequency of behavioural
engagement measured 10 days later, through their relation with more
accepting attitudes towards climate change, more favourable beliefs
about its mitigation, and greater pro-environmental behavioural inclinations. Although a 10-day interval is too short as a delay to provide
conclusions about sustained behaviour change, we believe that it was a
ﬁrst attempt to tackle a previously existing research gap.

5. Conclusion
The present study showed that mindset about the changeability of
the world impact both people's view and action in regard to climate
change. Overall, holding an ﬁxed mindset about the world may be a
signiﬁcant psychological barrier to environmental action, while possessing a growth view might help to overcome inaction and to adapt to
diﬃcult changes. The current evidence suggests that these beliefs can
meaningfully contribute to our understanding of the levers of both
9
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Appendix A
Attitudes towards the problem (Sinatra et al., 2012).
1. Scientiﬁc evidence points to a warming trend in global climate.
2. Human activity has been the driving force behind the warming trend over the last 50 years.
3. The release of CO2 (carbon dioxide) from human activity (such as smokestacks and car emissions) has played a central role in raising the average
surface temperature of the earth.
4. The surface temperature of the earth has risen by more than 1-degree Fahrenheit since 1900.
5. The Greenland ice cap is melting faster than had previously been thought.
6. Human activity is responsible for the continuing rise in average global temperature.
7. The speed with which the melting ice caps may raise sea levels is uncertain.
8. The likelihood that emissions are the main cause of the observed warming trend of the last 50 years is between 90 and 99%.
9. Former Vice President Al Gore's documentary, ‘‘An Inconvenient Truth,’’ about global climate change is just propaganda.
10. Natural phenomena such as solar variations combined with volcanic activity are the real cause of the warming eﬀect.
11. Humans have very little eﬀect on climate temperature.
12. An increase in CO2 (carbon dioxide) is directly related to an increase in global temperature.
13. It is arrogant to assume that humans can inﬂuence climate temperature.
Behavioural Inclinations (Soliman & Wilson, 2017).
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22
∗

Read a conservation or environmental magazine or electronic publication
Have a serious discussion on environmental issues with friends or family members
Watch a video (online or on television) about the environment
Use scrap paper*
Purchase second-hand goods*
Carry a reﬁllable coﬀee mug or water bottle*
Turn oﬀ lights when not in use*
Share a car journey with someone else*
Buy environmentally-friendly products
Eat food which is organic, locally-grown or in season*
Purchase products with less packaging
Avoid buying disposable products or choose to buy re-useable products
Support a “green” company or business or avoid buying from a company with environmentally unsustainable practices
Actively look for recycling bins to dispose of recyclable items*
Reduce the amount of water I use (e.g., shorter showers, not running tap water unnecessarily during toothbrushing & dishwashing, avoiding
other water-wasting activities)
Share information about the environment through social media (such as facebook and twitter)
Participate in online groups that support environmental causes
Join environmental action groups
Take action by participating in protests
Make voting decisions on the basis of candidates' commitment to ﬁghting climate change
Pressure my political representatives to take a stand on climate issues
Weigh environmental concerns heavily when making major purchase decisions (vehicles, appliances, etc.)
These items have been deleted when evaluating the measurement model.

Appendix B
Table B.1
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Decomposition of the Eﬀects of Fixed Mindset in the Models With Outliers
Direct

Indirect

β

β

95% CI

-.252∗∗

[-.329,
−.177]

Attitudes towards problem
Beliefs about mitigation

-.293∗∗

Behavioural inclinations

-.311∗∗

[-.380,
−.204]
[-.379,
−.201]
[-.407,
−.208]

Self-reported behaviours

-.131∗

95% CI

Pre
Attitudes towards problem
Beliefs about mitigation
Behavioural inclinations

-.345∗∗

[-.446, −.239]

∗∗

[-.452, −.241]
[-.152, .051]

-.349
-.051

Post

-.291∗∗

Follow

∗∗
∗

β is signiﬁcant at the .01 level (2-tailed).
β is signiﬁcant at the .05 level (2-tailed).

Fig. B1. 1
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[-.239,
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Fig. B2. 2

Fig. B3. 3

Fig. B4.
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Appendix C

Fig. C1. Bar graph with error bars of the pre- and post-reading scores of the dependent variables. The scores were normalized to a 5-point scale to make sure all the
dependent variables were represented on the same scale.5
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